Study design: A double-blinded randomized clinical trial. Objectives: The anti-inflammatory and neuroprotective effect of omega-3 fatty acids have been shown so far, but still its influence on clinical measures in spinal cord-injured human models were not known. We tried to investigate changes in disability and dependency scores in chronic traumatic spinal cord-injured patients after 14 months of o-3 fatty-acid consumption. Methods: Main inclusion criteria were: traumatic spinal cord injury (SCI) and post injury duration longer than 1 year. Disability and dependency was assessed using UK Functional Independence Measure and Functional Assessment Measure (FIM þ FAM) scale. MorDHA capsules (435 mg of docosahexaenoic acid and 65 mg of eicosapentaenoic acid) were administered in treatment group, whereas control group received placebo capsules for 14 months. UK FIM þ FAM scale were estimated before intervention and at the end of the trial. Results: Fifty-four patients in treatment group and 50 patients in placebo group completed the trial. Highest scores were detected in cognitive domain in both groups before and after intervention. Most dependency was observed in locomotion subscale and secondly in sphincter control. Scores of none of these components were changed by o-3 fatty-acid consumption. Conclusion: Although omega-3 fatty acids have been shown to have neuroprotective effect in acute phase of SCI, it seems that they have no significant influence in chronic inflammatory state of SCI. The positive effect of o-3 fatty acid in chronic neurorecovery process, if exists, is weaker to exert any significant improvement in UK FIM þ FAM scores in spinal cord-injured individuals.
INTRODUCTION
Spinal cord injury (SCI) imposes a high burden of immobility and decreased life quality on involved individuals 1 and induction of neuroprotection and neurorecovery has been always challenging in this field. The annual incidence of SCI is about 40 cases per million in United States 2 and is estimated to be about 10-15 cases per million in United Kingdom. 2 It seems that incidence of SCI is higher in developing countries. Although no specific report of precise incidence of SCI could be found in Iran, a recent study revealed the prevalence of SCI in Tehran, which currently stands at 1.2-11.4 per 10 000 people. 3 Recently, some reports have supported the positive effect of omega-3 polyunsaturated fatty acids (o-3 PUFAs) in induction of neurorecovery, 4, 5 which is mediated through its antioxidant and anti-inflammatory effects. 6 PUFAs are important components of phospholipids which contribute in constitution of cell membrane. Omega 3 PUFAs consist of a-linolenic acid, eicosapentaenoic acid and docosahexaenoic acid. Although a-Linolenic acid represents biosynthesis, the exogenous forms of the other two components are available. Various investigations have evaluated neuroprotective effects of o-3 PUFAs in animal models, while studies on human are limited. In this study, we tried to investigate the influence of o-3 PUFAs consumption on neurorehabilitation in patients with chronic SCI.
The purpose of this study was to investigate whether consumption of o-3 PUFAs has any effects on outcomes of disability measures in patients with SCI. We tried to understand whether administration of o-3 PUFAs may reveal any positive effect on Functional Independence Measure (FIM) and Functional Assessment Measure (FAM; FIM þ FAM) scores in these patients.
MATERIALS AND METHODS Participants
Participants in this clinical trial, which was designed as a placebo-controlled investigation, (registration number: NCT01311375: 6 March 2011) were chronic spinal cord-injured patients who were referred to Brain and Spinal Injury Research Center. An adequate explanation about trial was given to each individual before enrolling and written consent was obtained from each patient. At the end of the study, 104 patients completed the 14 months followup: fifty-four patients in treatment group and 50 patients in placebo group (six patients did not complete the study protocol) (Figure 1 ). The two most common reasons for drop out were experiencing gastrointestinal side effects or difficulty to maintain scheduled clinical visits.
Inclusion criteria were: traumatic SCI and post injury duration longer than 1 year. All patients who entered the investigation had traumatic SCI. We selected those in stable phase of SCI (time since injury longer than 1 year) so that the changes of patients' disability and dependency scores could be related to omega-3 PUFA administration and not the recovery process from other accident-induced complications. Patients were excluded based on exclusion criteria (pregnancy, lactation, any rehabilitation therapy, amputation and nontraumatic SCI etiology, history of diabetes, cancer, endocrinology disease, acute infection, use of special medications such as glucocorticoids, thyroid hormones, GnRH analogs, anticonvulsive drugs, heparin, aluminum containing antiacids, lithium, omega 3 fatty acids or other nutrients supplements). Data were collected from November 2010 to April 2012. The protocol was approved by the ethics committee at Tehran University of Medical Sciences (Approval number: 1421 at 18 July 2010).
Study design
Fifty patients in control group and 54 patients in treatment group were randomized by using Permuted Balanced Block Randomization Method. Treatment group received two MorDHA capsules (435 mg of docosahexaenoic acid and 65 mg of eicosapentaenoic acid) per day and patients in control group received two placebo capsules which were consumed twice daily. No specific advices on food intake were given to patients and no diet modification was made by us through the study. We used pill count method for assessment of compliance based on a confidence relationship between patient and physician. Patients were not given specific advice on food intake during the study. No lifestyle, diet or medication changes were recorded at every 4 weeks' phone calls or face-to-face interviews.
Omega 3 placebo capsules were provided by Minami Nutrition Co. (Aartselaar, Belgium) and placebo capsules were supplied by Zahravi Pharmaceutical Co. (Tabriz, Iran). Both capsules were similar in color, shape, and taste. Calcium capsules were provided by Darou Pakhsh Pharm Co. (Tehran, Iran) and consisted 1000 mg calcium and 400 IU vitamin D. Both groups of treatment and control received calcium capsules (one capsule daily).
Data were collected at the beginning of the study and after 14 months of o-3 PUFAs consumption.
FIM þ FAM scores
Here, we used FIM and FAM (FIM þ FAM) 7 to assess changes of disability and dependency scores after omega-3 PUFA administration.
FIM includes 18 items in which 13 items represent motor function and 5 items epitomize cognitive status. 8 FAM adds 12 further items to FIM (total items of 30) to address functional areas that are less emphasized in FIM including behavioral, cognitive and communication measures. The original US version of FAM was developed in 1990s mostly to assess outcomes after brain injury. 9 The UK version of FIM þ FAM showed improved reliability in comparison with previous US version. 10 This scale contains 18 items of FIM and 13 items of FAM which are shown in Supplementary Appendix 1. Each item is scored from 1-7 in which level 1 represents 'total dependency' and levels 2-4 illustrate maximal, moderate and minimal assistance necessity, respectively. Level 5 epitomizes 'supervision or set-up' which shows that patient only needs help for equipment set-up. Level 6 and 7 represent 'modified' and 'complete' independence, respectively. Previously, the Iranian version of FAM (FAM-Ir) has shown an acceptable reliability in evaluating functional disability. 11 The 30 items of FIM þ FAM can be organized into two main domains; motor (consists of three subscales of self-care, bladder/bowel management and locomotion) and cognitive (consists of two subscales of communication and psychosocial).
Statistical analyses
All statistical analyses were performed using SPSS software, Version 18 (SPSS, Chicago, IL, USA). Categorical data are reported using percentages and continuous quantitative values are reported by mean ± 95% confidence interval. Median of each component score in FIM þ FAM was calculated. Proper comparison of means was performed using t-test and one-way analysis of variances (ANOVA) before and after intervention. Po0.05 was considered statistically significant. Multiple correction tests were applied using BenjaminiHochberg procedure to correct P-values for occurrence of false positives with R statistical software version 3.0.2.
Statement of ethics
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
RESULTS
One-hundred and four patients entered in this study in which gender distribution showed dominant frequency of male individuals (18.3% (n: 19) females and 81.7% (n: 85) males). Treatment group consisted of 54 patients with mean age of 54.12±11.76 years and control group included 50 patients with mean age of 51.15 ± 13.43 years. Mean post Figure 1 The drop out numbers of spinal cord-injured patients assigned to each group of treatment and placebo group through 14 months of trial. Compliance with supplement averaged 80% in both groups over the 14 months of observation. No significant effect of omega-3 PUFA consumption could be detected on any components of FIM þ FAM after 14 months of omega 3 fatty-acid consumption.
The outcomes of FIM þ FAM in main domains and subscales are shown in Table 2 . Two groups of treatment of placebo revealed no significant difference in these scores. After 14 months of o-3 PUFA administration, no noticeable changes was detected in FIM þ FAM results. Figures 2 and 3 illustrate radar chart of FIM þ FAM scores in treatment and placebo group.
The lowest scores were detected in 'motor' domain. Locomotion subscale showed to impose the most severe disability. Bladder/bowl management along with self-care components played second and third roles in patients' dependency. Most patients were completely independent in cognitive domain. Communication subscale attained the highest UK FIM þ FAM scores.
DISCUSSION
In this study, we observed that consumption of o-3 PUFA in patients with chronic SCI does not improve ability and has no significant advantage in rehabilitation process.
There are persuasive evidences showing that omega-3 PUFA modulates neurological function through multitude overlapping mechanisms. 12 Its probable positive effects have been shown on Alzheimer's disease 13 and Huntington 14 in human models, however, its effect on acute neural injury such as acute traumatic SCI have been only investigated on experimental laboratory models and have shown promising outcomes. 4, 15, 16 Previously, neuroprotective effect of omega 3 PUFAs was observed in acute phase of SCI. 4, 16, 17 Most of these studies support this positive Omega-3 effect on neurorehabilitation A Norouzi Javidan et al effect on experimental animal models, while literatures on human models are so limited. By considering the proposed mechanisms of o-3 PUFA in induction of neurorecovery, which originate mostly from its anti-oxidative and anti-inflammatory effects, 18 it is expectable to observe noticeable influence in acute phase of injury when these inflammatory reactions are at their peak level. Previous literatures has supported the fact that a state of chronic inflammation occurs after SCI 19, 20 and this steady inflammation even explained higher risk of atherogenic events in these patients. 20 Some studies have also demonstrated that alterations in immune system in spinal cord-injured patients may contribute in this low-grade inflammatory process. 21 Theoretically by considering this chronic inflammation state in individuals with SCI, we expect to observe some degrees of improvement by administration of anti-inflammatory agents. However, our study does not support the positive effect of o-3 PUFA in reduction of inflammation and subsequently neuroprotection in chronic phases of SCI. Although critical medical condition in patients with SCI in acute phase limits designing investigations to assess effects of o-3 PUFA, studies on mice showed significant neural improvement and partial recovery from complete paralysis 22, 23 in this phase of SCI. It seems that neuroprotective effect of o-3 PUFA in patients with chronic SCI, if exists, is very slight and cannot exert a significant influence of disability and independency measures. Moreover, the effect of o-3 PUFA consumption on inflammatory cytokines after 4 months of intervention was investigated previously and the results demonstrated no significant alteration. 24 Here, we propose that omega-3 PUFA administration in chronic traumatic SCI does not result in neuroprotection and its anti-inflammatory effect in this phase, if exists, cannot clinically change FIM þ FAM scores.
FIM þ FAM scale is a semi-verbal assessing method for evaluating disability in which many of domains are assessed verbally and confirmed by observation. Outcomes of FIM þ FAM are reliable and sensitive to intervention induced changes. 25 However, some components especially cognitive scales have shown to change only in small amounts 26 , which was described by a ceiling effect identified by van der Putten et al. 27 in 1999. In our study, most patients in treatment and control groups attained the highest scores in cognitive domain (psychosocial and communication subscales) before intervention and these scores showed no noticeable changes after trial. As it was expected, the lowest scores was observed in locomotion subscale and secondly in sphincter control in patients with SCI.
These scores also showed no significant changes after 14 months of o-3 PUFA consumption.
Study limitations and further investigations
As omega-3 PUFA has anti-inflammatory effects, it is expected to observe its efficacy mostly in acute phase of SCI when the inflammation processes are more severe. However, limited access to patients with traumatic SCI in acute phase (as they are mostly admitted in ICU which complicates oral administration of omega-3 PUFA) and co-existence of accident-induced complications in this phase, which interferes with our interpretations of patients' disability and dependency, made us to perform this investigation on patients with stable SCI in chronic phase. However, studies on acute phase of SCI may enlighten the neuroprotective effects of omega-3 fatty acids and can be compared with our results. Moreover, here we evaluated disability and dependency with FIM þ FAM measurement. Our study showed no effect of omega-3 PUFA on FIM þ FAM scores and the effect of its administration on other dependency measurement instruments in SCI such as spinal cord independence score (SCIM) can be used in future investigations to confirm our results.
CONCLUSION
Although omega-3 fatty acids have shown to have neuroprotective effect in acute phase of SCI, it seems it has no significant influence on disability and dependency scores in chronic inflammatory state of SCI. The positive effect of o-3 fatty acid in chronic neurorecovery process, if exists, is weaker to exert any significant improvement in UK FIM þ FAM scores.
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